In this paper, we define irregular bipolar fuzzy graphs and its various classifications. Size of regular bipolar fuzzy graphs is derived. The relation between highly and neighbourly irregular bipolar fuzzy graphs are established. Some basic theorems related to the stated graphs have also been presented.
Introduction
In 1965, Zadeh [25] introduced the notion of fuzzy subset of a set as a method of presenting uncertainty. The fuzzy systems have been used with success in last years, in problems that involve the approximate reasoning. It has become a vast research area in different disciplines including medical and life sciences, management sciences, social sciences, engineering, statistics, graph theory, artificial intelligence, signal processing, multiagent systems, pattern recognition, robotics, computer networks, expert systems, decision making, automata theory etc.
In 1975, Rosenfeld [20] introduced the concept of fuzzy graphs. In 1994, Zhang [26] initiated the concept of bipolar fuzzy sets as a generalization of fuzzy sets. Bipolar fuzzy sets are extension of fuzzy sets whose range of membership degree is 1, 1] [− . In bipolar fuzzy set, membership degree 0 of an element means that the element is irrelevant to the corresponding property, the membership degree within (0,1] of an element indicates that the element somewhat satisfies the property, and the membership degree within 1, 0) [− of an element indicates the element somewhat satisfies the implicit counter property. For example, sweetness of foods is a bipolar fuzzy set. If sweetness of foods has been given as positive membership values then bitterness foods is for negative membership values. Other tastes like salty, sour, pungent (e.g. chili), etc are irrelevant to the corresponding property. So these foods are taken as zero membership values. In 2011, Akram [2] introduced the concept of bipolar fuzzy graphs and defined different operations on it. Bipolar fuzzy graph theory is now growing and expanding its applications. The theoretical developments in this area is discussed here.
Review of literature 2 Preliminaries
A fuzzy set A on a set X is characterized by a mapping 
(here y x ∧ denotes the minimum of x and y ).
Partial fuzzy subgraph
, a positive real number, for all V v ∈ . If each vertex of ξ has same total degree k , then ξ is said to be a totally regular fuzzy graph. A fuzzy graph is said to be irregular [16] , if there is a vertex which is adjacent to vertices with distinct degrees. A fuzzy graph is said to be neighbourly irregular [16] , if every two adjacent vertices of the graph have different degrees. A fuzzy graph is said to be totally irregular, if there is a vertex which is adjacent to vertices with distinct total degrees. If every two adjacent vertices have distinct total degrees of a fuzzy graph then it is called neighbourly total irregular [16] . A fuzzy graph is called highly irregular [16] if every vertex of G is adjacent to vertices with distinct degrees. The complement [8] 
Let X be a nonempty set. A bipolar fuzzy set [26] B on X is an object having the form 
. A bipolar fuzzy graph [1] with an underlying set V is defined to be the pair )
is a bipolar fuzzy set on V and )
is a bipolar fuzzy set on 
The graph G is called complete bipolar fuzzy graph if
be a bipolar fuzzy graph where
be two bipolar fuzzy sets on a non-empty finite set V and 
. If all the vertices of a bipolar fuzzy graph are of total degree, then the graph is said to be totally regular bipolar fuzzy graph.
Some definitions related to bipolar fuzzy graphs
Degree of a vertex of a bipolar fuzzy graph is defined below. 
Example 1
Order and size of a bipolar fuzzy graph is an important term in bipolar fuzzy graph theory. They are defined below. Figure 1 , a bipolar fuzzy graph is shown. Here Figure 2 . It is also an example of connected bipolar fuzzy graph. 
Example 2 In
1.4) (1.9, = ) ( − G O and 1) (1.4, = ) ( − G S .) , ( = E V G ′ ′ ′ where 0 > ) ( | { = 1 v m v V + ′ or 0} < ) ( 1 v m − and 0 > ) , ( | ) , {( = 2 v u m v u E + ′ or 0} < ) , ( 2 v u m − .
Definition 8 A bipolar fuzzy graph is said to be connected if its underlying crisp graph is connected.

Example 3 A crisp underlying graph is shown in
We have 
Irregular bipolar fuzzy graphs
Irregular bipolar fuzzy graphs are as important as regular bipolar fuzzy graphs. We now define it. be two bipolar fuzzy sets on a non-empty finite set V and
. So this graph is an example of totally irregular bipolar fuzzy graph. be two bipolar fuzzy sets on a non-empty finite set V and
Definition 12 Let G be a connected bipolar fuzzy graph. Then G is called neighbourly totally irregular bipolar fuzzy graph if for every two adjacent vertices of G have distinct total degrees.
Definition 13 Let G be a connected bipolar fuzzy graph. Then G is called highly irregular bipolar fuzzy graph if every vertex of G is adjacent to vertices with distinct degrees.
Example 6
. The graph is an example of highly irregular bipolar fuzzy graph.
A highly irregular bipolar fuzzy graph need not be neighbourly irregular bipolar fuzzy graph. As for example we consider a bipolar fuzzy graph of vertices 0.4) (0.4, 0.4), (0.5, 0.5), (0.6, 0.4), (0.5, 
. Here the bipolar fuzzy graph is highly irregular but not neighbourly irregular as ) ( = ) ( 
As G is highly and neighbourly irregular, )
So it is obvious that all vertices are of distinct degrees.
Conversely, assume that the degrees of all vertices of G are distinct. This means that every two adjacent vertices have distinct degrees and to every vertex the adjacent vertices have distinct degrees. Hence G is neighbourly irregular and highly irregular fuzzy graphs. □ Complement of a bipolar fuzzy graph is defined below. is a bipolar fuzzy set on 
Conclusion
In this paper we have described degree of a vertex, order, size and underlying crisp graph of a bipolar fuzzy graphs. The necessary and sufficient conditions for a bipolar fuzzy graph to be the regular bipolar fuzzy graphs have been presented. Size of a bipolar fuzzy graphs and relation between size and order of a bipolar fuzzy graphs have been calculated. We have defined irregular bipolar fuzzy graphs, neighbourly irregular, totally and highly irregular bipolar fuzzy graphs. Some relations about the defined graphs have been proved. Some theoretical discussions on bipolar fuzzy graphs have been made. We want to make, in near future, some algorithm and models using these results.
